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摘要 
 
小鼠单克隆抗体技术已成为生物医药领域不可或缺的研究工具，在疾病的诊
断和治疗领域也得到广泛应用。然而，由于小鼠自身免疫系统的局限，某些抗原
或表位，特别是同为哺乳动物的人体抗原在小鼠体内可能因为种属相近而不易产
生好的免疫应答，给制备相应的小鼠单克隆抗体造成一定的困难。因此，有必要
基于其它种属动物开发新的抗体制备技术。禽源抗体技术也称卵黄抗体技术（简
称 IgY 技术），是用免疫原刺激禽类动物，产生相应的特异性抗体，该抗体会转
运、储存在卵黄中，经特殊的提取技术，可从卵黄中获得大量特异性的多克隆抗
体的一种抗体制备技术。相较于哺乳动物的 IgG 抗体, 禽源 IgY 抗体的优点有：
1）减少对动物的伤害，符合日渐严格的动物伦理要求；2）饲养成本低，抗体产
量高；3）缺少与风湿因子反应的 Fc 结合位点，不会与血清中的 C-反应蛋白发
生交叉反应，有助于提高血清检测的特异性；4）不能激活哺乳动物的补体系统，
有助于降低补体活性检测中的干扰现象；5）不能结合细菌及哺乳动物细胞表面
Fc 受体，可应用于双重免疫组化检测；6）与哺乳动物种属系统发生距离较远，
有助于制备哺乳类抗原的免疫血清等。本论文的目的是，通过摸索各实验环节的
实验参数及条件，在实验室内建立起一个有效的禽源多克隆抗体制备技术平台，
并应用该禽源抗体技术制备 HIV 病毒衣壳蛋白（P24）和神经元特异性烯醇化酶
（NSE）的特异性 IgY 多克隆抗体，并比较评估禽源 IgY 多克隆抗体在 HIV 免
疫诊断试剂及 NSE 免疫诊断试剂研发应用的潜能。 
首先，通过文献查阅并结合实际条件，选取海兰褐蛋鸡作为实验动物，并进
一步摸索实验鸡的饲养条件、免疫方式、禽蛋收集、抗体制备、抗体保藏等条件
参数，初步建立禽源多克隆抗体制备技术平台。结果如下：（1）实验鸡的饲养：
实验室条件下，笼养海兰褐蛋鸡是比较合适的，其次要注意不同生长期海兰褐蛋
鸡对适宜的温度、湿度、光照、营养等方面的需求，尤其重要的是在海兰褐生长
后期需要大量储备钙质以保证产蛋期的产蛋质量；实验室饲养条件下，海兰褐蛋
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鸡开始产蛋的日龄是 154 天，与养鸡场中饲养的蛋鸡保持一致；且在产蛋高峰期，
实验室条件下饲养的海兰褐蛋鸡的周产蛋率能够达到 95 %；（2）实验鸡的免疫：
选用弗氏佐剂，以 500 ug/只的剂量，皮下与肌肉混合多点免疫，间隔周期 14 天
的免疫方案；通过该免疫方案，能够获得滴度在 105 以上的免疫血清；（3）禽蛋
的收集：将不同时期产下的含有特异性抗体的鸡蛋标记后保藏在 4 ℃条件下；（5）
鸡源 IgY 抗体的纯化：通过多种纯化方法的比较，最终确定以 PEG6000 梯度纯
化来获得纯度较高、活性较好的抗体；用 PEG6000 梯度沉淀纯化方法进行 IgY
抗体制备，平均每个卵黄可以获得约 50 mg 的抗体；（5）抗体稳定性分析：根据
抗体活性变化确定 IgY 抗体的热稳定性、酸碱稳定性等；实验结果表明，温度低
于 70 ℃的条件下，IgY抗体的活性相对稳定；当环境中的 pH在 4.0-11.0范围内，
IgY 抗体的活性还是比较稳定的；在 4 ℃和-20 ℃条件下，IgY 抗体能够长期保
存。 
P24 抗原检测是 HIV 早期辅助诊断的方法，它要求检测具有高灵敏度（可以
检测到 pg 级别的抗原）、低漏检率（对全部亚型的 P24 抗原均可以有效检出）、
高特异性（减少样品带来的非特异性）。目前的诊断试剂仍无法完全满足临床检
测的要求，因此我们希望应用 IgY 抗体技术来制备 P24 特异性 IgY 抗体，期望
能够提高检测的特异性。肿瘤标志物的检测是肿瘤早期诊断的一种有效方式，而
肿瘤标志物的抗体是建立肿瘤诊断试剂的关键活性原料。由于肿瘤标志物多数是
人源的，与哺乳动物具有一定的亲缘性，因此在大小鼠平台制备肿瘤标志物抗体
有一定的难度。所以，我们希望能够运用 IgY 抗体技术来制备肿瘤标志物的特异
性抗体。 
其次，应用禽源多克隆抗体技术平台来制备特异性的抗HIV-1衣壳蛋白（P24）
和神经元特异性烯醇化酶（NSE）等的 IgY 多克隆抗体。实验结果如下：（1）用
重组蛋白 rP24 分别免疫小鼠、大鼠、鸡和兔子等实验动物，发现四种动物均可
对 P24 抗原产生良好的免疫反应；纯化获得抗 rP24 的 IgY 抗体（单个卵黄中获
取 60 mg 的 IgY 抗体），与特异性抗 rP24 的小鼠抗体 H5F4、大鼠抗体 R15A2 进
行抗体配对，并分析该配对与两个较佳的 P24 检测小鼠抗体配对 H5F4-m9E8 及
P24 大小鼠抗体配对 R15A2-m9E8 检测 P24 抗原的性能。结果显示，IgY 可与 P24
小鼠抗体 H5F4 及大鼠抗体 R15A2 形成较好的 P24 抗原检测配对，夹心法 ELISA
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的检测下限是 1 ng/ml，且能够检出多数不同亚型的 P24 抗原，具有成为 HIV 诊
断试剂候选抗体原料的潜能。（2）用神经元特异性烯醇化酶（NSE 重组蛋白）
对小鼠、大鼠、鸡等实验动物进行免疫，发现 NSE 在鸡体内的免疫效价比小鼠
和大鼠体内的效价高 10 倍。同时，纯化获得的 IgY 抗体标记磁珠后作为捕获抗
体，与标记吖啶酯的对照抗体 9601 作为报告抗体形成的免疫化学发光检测配对，
对重组抗原 rNSE 具有很好检测线性（R2=0.999），检测灵敏度是 0.1-500 ng/ml。
但是在 NSE 天然抗原的检测上，IgY-9601 检测配对存在检测值较低且与背景检
测值线性相关性较一般（R2=0.6097）等问题，有待进一步的条件优化。 
总之，本研究初步建立了制备禽源多克隆抗体技术平台，并利用该技术平台
制备了抗HIV-1 衣壳蛋白 P24和抗神经元特异性烯醇化酶 NSE的鸡多克隆抗体。
在此基础上，证明了 IgY 抗体应用于 HIV 免疫诊断中的可行性；同时证明 IgY
抗体技术在肿瘤标志物抗原的特异性抗体的制备方面具有一定的优势，可以制备
出高亲和力的肿瘤标志物抗原的特异性抗体，可以弥补小鼠单抗制备技术的不足。
本研究为禽源多克隆抗体制备技术的推广和应用奠定了坚实的基础。 
 
关键词：禽源多克隆抗体；IgY；P24；NSE 
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Abstract 
 
Mouse monoclonal antibodies have become an indispensable biomedical research 
tool since appeared. And it has been wildly used in field of diagnosis and treatment of 
diseases. However, due to the limitation of mouse’s immune system, it’s hard for 
some antigen or epitope in particular with some human antigens to make mouse 
produce a good immune response, and it may cause some trouble in preparing 
monoclonal antibodies of mouse. Therefore, it’s urgent need to develop other antibody 
technology about different species. Avian polyclonal-antibody technology (named 
yolk antibody technology) also called IgY technology. The avian after immunized can 
produce specific antibodies, and the antibodies would be transit and stored in the yolk 
of egg. Then we can obtain high yields of specific polyclonal-antibodies from egg 
yolk using extraction technology. Compared to IgG, advantages of using IgY are: 1) 
to reduce the painful of animals, in line with the increasingly stringent requirement of 
animal ethics; 2) low cost and high yield; 3) the lack of the Fc binding site with 
reaction with rheumatoid factor, help to improve the specificity of detection of serum; 
4) lack of activation of the mammalian complement system, to reduce interference in 
complement activity detection; 5) can’t be combined with bacteria and mammalian 
cell surface Fc receptors, it can be used in double immunohistochemistry; 6) 
mammalian species phylogenetic distance, helpful for preparing the mammalian 
immune serum antigen. The purpose of this paper is to establish an effective avian 
polyclonal antibody preparation technology platform in the laboratory through 
experimental parameters and conditions of the experimental aspects, and to prepare 
avian antibody anti-HIV viral capsid protein (P24 ) and neuron-specific enolase (NSE) 
specific IgY polyclonal antibodies using this technology. Then we comparative 
evaluate the potential of avian IgY polyclonal antibodies in HIV immunodiagnostics 
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and NSE immunodiagnostics development and application. 
Firstly, we complete the initial establishment of avian polyclonal antibody 
platform base on the literature review and actual conditions. We choose HY-LINE 
Variety Brown hens as the animal in the experiment. Then we explore the 
experimental conditions including rearing condition in the laboratory, immunization, 
egg collection, antibody extraction, antibody preservation, and so on. Finally, we 
premilitary establish the method for preparing avian polyclonal antibody platform in 
the laboratory. The results showed as follows: (1) Feeding: under laboratory 
conditions, cage is more suitable. And we should pay more attention to the different 
needs of growing and egg-laying season of hens, such temperature, humidity, light, 
nutrition and so on. It is particular important for hens to gain more calcium in the late 
growth stage in order to make hens produce more eggs ensure the quality of the egg 
laying period; reared under laboratory conditions, the Hy-Line brown hens started 
laying the age is 154 days, consistent with farm reared hens; and egg laying rate per 
week at the peak of the laboratory reared Hy-Line brown laying hens can reach 95 % 
(2) Immunity of chicken: using Freund's adjuvant, 500ug antigens for a hen, 
subcutaneous and muscle mixing more immune point interval period of 14 days 
immunization programs; the titer of serum can reach 105 or more after program; (3) 
collect eggs: the eggs containing specific antibodies at different times after birth mark 
deposited at 4 ℃  condition; (4) Purification methods: comparing a variety of 
purification methods, the final OK to PEG6000 gradient purification to obtain IgY 
with high purity and well activity; we can get about 50 mg from each egg yolk using 
PEG6000 gradient purification; (5) Antibody activities: determining IgY antibody 
according to activity thermal stability of the antibody, pH stability; experimental 
results show that under the conditions of a temperature below 70 ℃, IgY antibody 
activity is relatively stable; when the pH environment in the range of 4.0-11.0, IgY 
antibody activity is still relatively stable. And at 4 ℃  -20 ℃  conditions, the 
activities of IgY antibodies are capable to preserve for long-term. 
P24 antigen test is a method for early diagnosis of HIV, which requires a higher 
detection sensitivity (pg can detect antigen levels), lower missed rate (for all subtypes 
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of P24 antigen can be effectively detected), high specificity (reduction non-specific 
reaction caused by sample). Current diagnostic reagents clinical testing still can not 
meet the requirements completely, so we want to be prepared P24 specific IgY 
antibody using IgY technology. It is desirable to improve the specificity of detection. 
Detection of tumor markers is an effective way for early diagnosis of cancer, the 
antibodies of tumor markers is key active ingredients during tumor diagnostics. Since 
most of the tumor markers of human origin, the mammal has a certain affinity, so 
getting tumor marker antibody from mouse and rat was difficult. So, we want to 
prepare specific antibodies anti some tumor markers through IgY technology. 
Secondly, we prepared IgY polyclonal antibody specific for the anti-HIV-1 capsid 
protein P24, neuron-specific enolase NSE based on the platform. The results are as 
follows: (1) Animals including mice, rats, chickens, rabbits and other were immunized 
by recombinant P24 protein, and the antigen can stimulate body to produce better 
immune response; then  purified anti-rP24 of IgY antibodies(per yolk can abtain 60 
mg IgY antibody), and then paired with  specific anti-mouse antibody rP24 of H5F4, 
rat antibody R15A2, and analyzed the ability of P24 detection in the pair of two 
preferred P24 antibody between mouse-mouse pair H5F4-m9E8 and P24 mouse-rat 
antibody pair R15A2-m9E8. The results show, mouse antibody H5F4 and rat antibody 
R15A2 can form a good pair of P24 antigen assay with IgY antibody, sandwich 
ELISA detection limit is 1 ng / ml, and can detect a plurality of different subtypes of 
P24 antigen. it’s possible to be raw material developed as HIV diagnostic kit 
candidate; (2) Animals including mice, rats, chickens, rabbits and other were 
immunized by Neuron-specific enolase (NSE recombinant protein), and the serum 
titer of chicken is 10 times higher than in mice and rats. Meanwhile, the purified IgY 
antibody as the capture antibody markers on magnetic beads to mark 9601 as the 
acridinium ester labeled antibody pair formed recombinant antigen detection rNSE 
has good linearity (R2=0.999)and sensitivity(0.1-500 ng/ml). But it’s low and less 
linear correlantio (R2=0.6097) with the background values while detecting nature 
antigen, and we need to further optimize the conditons. But for natural NSE antigen 
test, not linear) about natural NSE antigen test, the linear correlantio of IgY-9601  
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have greatly improved. 
In summary, we initially establish the platform for preparing avian 
polyclonal-antibodies and make some primary application based on the platform. We 
take use of the method to screen anti-P24 and Neuron-Specific Enolase avian 
polyclonal antibody. On this basis, it proved that IgY antibodycan be used in the 
diagnosis of HIV immune detection; meanwhile, it has certain advantages using IgY 
antibody technology to prepare the tumor marker antigen-specific IgY antibodies, and 
we can get  high affinity tumor marker antigen-specific antibodies. And IgY 
technology can compensate for the lack of mouse monoclonal antibody preparation 
techniques. Finally, the work of the research provided a solid foundation for the 
application and promotion of avian polyclonal-antibodies platform. 
 
Keywords: Avian polyclonal antibody; IgY; P24; NSE 
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 缩略词  
 
缩写 英文全称 中文名称 
IgY          Immunoglobulin of egg Yolk                   卵黄抗体 
CRP C-reactive protein C-反应蛋白 
Fc Crystalline fragment 结晶片段 
HIV Human Immunodeficiency virus 人类免疫缺陷病毒 
P24 HIV 24 antigen 艾滋病毒 P24 抗原 
AIDS Acquired Immune Deficiency Syndrome 获得新免疫缺陷综合征 
Gag Major structural protein 主要结构蛋白 
NSE Neuron-Specific Enolase 神经元特异性烯醇化酶 
Mg Milligram 毫克 
ug Microgram 微克 
ng Nanogram 纳克 
L Litre 升 
Ml Millilitre 毫升 
ul Microlitre 微升 
kDa Kilo Daltons 千道尔顿 
d Days 天 
w Weeks 周 
h Hour 小时 
min Minute 分钟 
C Concentration 浓度 
mAb Monoclonal antibody 单克隆抗体 
pAb Polyclonal antibody 多克隆抗体 
℃ Degree celsius 摄氏度 
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缩略词 
XIII 
HRP Horseradish peroxidase 辣根过氧化物酶 
IgG Immunoglobulin G 免疫球蛋白 G 
IgM Immunoglobulin M 免疫球蛋白 M 
IgA Immunoglobulin A 免疫球蛋白 A 
Ig Immunoglobulin 免疫球蛋白 
cDNA Complementary DNA 互补 DNA 
pI Isoelectric point 等电点 
PCR Polymerase chain reaction 聚合酶链式反应 
PBS Phosphate buffered saline 磷酸盐缓冲液 
CB Carbonate buffer 碳酸盐缓冲液 
bp Base pair 碱基对 
aa Amino acid 氨基酸 
ELISA Enzyme-linked immunosorbent assay        酶联免疫吸附实验 
CLIA Chemiluminescence immunoassay 化学发光免疫分析检测技术 
AE Acridinium ester 吖啶酯 
MB Magnetic beads 磁性微珠 
GAM Goat anti mouse 山羊抗小鼠 
NP Nucleoprotein 核蛋白 
PEG Polyethylene glycol   聚乙二醇 
pH Hydrogen ion concentration 氢离子浓度指数 
SAS Saturated ammonium sulfate 饱和硫酸铵 
TB Tris-HCl buffer  盐酸缓冲液 
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